The temperature dependence of the retention index was studied for n-alkyl esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phenylacetic acid on DB-1 and DB-5 capillary columns. The study was performed over various temperature ranges depending on the volatility of the ester. Two linear equations of the temperature dependence of the retention data on the column temperature and its reciprocal as variables were studied. A good linearity of the retention index versus column temperature was found.
INTRODUCTION
In 1952 James and Martin introduced gas-liquid chromatography. 1 Six years later, Kovats published a work in which he elaborated a universal retention system. 2 The Kovats retention index I has become a useful analytical tool for the identification of a compound by gas chromatography, and since these indices are not sensitive to the gas chromatographic conditions, it can be reproduced in various laboratories.
The temperature dependence of the retention index against column temperature t, o C or 1/T, K -1 , is given by:
I = a + bt
(1)
where b = dI/dT, Eq. (1), corresponds (as 10 dI/dT) to the initially introduced Kovats retention index increments per 10 o C obtained by finite differences, DI/10 o C.
n-Alkyl esters of carboxylic acids are compounds widely used thanks to their odour and taste. They are also used as perfumery compounds. Some of the esters have been studied by Tudor, who made a detailed evaluation of Eqs. (1) and (2) . 3, 4 Some authors only indicated the Kovats retention index increment for some alkyl ester of certain carboxylic acids. 5 As a part of our study [6] [7] [8] [9] [10] [11] of chemical structure-retention index relationships, a study of the temperature dependence of the retention indices of a series of n-alkyl esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phenylacetic acid (Table I) on DB-1 and DB-5 capillary columns is reported here. Both columns were operated under isothermal conditions as given in the tables. The carrier gas was nitrogen, carrier gas flow 1 ml/min, injector temperature 250 o C, split ratio 1:60, detector temperature 300 o C, attenuation 1 and range 10 -10 A/mV.
The investigated esters were obtained commercially by Fluka or prepared from n-alcohols and carboxylic acids by the general procedure given in ref. 12. The obtained compounds were then purified by distillation and/or microdistillation until GC purity was obtained. All products were characterized by IR and 1 H NMR spectroscopy.
The other used compounds were obtained commercially. The hydrocarbons used in this study as standards were obtained from Fluka (Switzerland). Table II lists cal data (R, correlation coefficient; S, standard error) for the n-alkyl esters of acetic acid in the temperature range 80-120 o C (at 80, 100 and 120 o C) on the DB-1 and DB-5 capillary columns. Good linear temperature dependencies of the retention indices were noticed for the investigated columns. Eq. (2) shows similar or slightly better precision in comparison to Eq. (1). Table III lists the parameters and statistical data of Eqs. (1) and (2), respectively, for n-alkyl esters of propionic acid in the temperature range 80-120 o C (at 80, 100 and 120 o C) on the DB-1 and DB-5 capillary columns. Although high linear temperature dependencies of the retention data were observed, it was lower for Eq. (1) on the DB-1 capillary column in comparison to the n-alkyl esters of acetic acid. Better precision was obtained using Eq. (2) in comparison to Eq. (1) on both columns. Table IV gives the parameter and statistical data of Eqs. (1) and (2), respectively, in the temperature range 160-220 o C (at 160, 190 and 220 o C) for DB-1 and DB-5 capillary columns for the n-alkyl esters of cyclohexanecarboxylic acid. Although this temperature dependence was studied over a wider temperature range than was the case for the n-alkyl esters of propionic and acetic acid, very good linear precision was obtained for the DB-1 capillary column with both equations. In this case, Eq. (1) showed slightly better or similar precision in comparison to Eq. (2). With the DB-5 capillary column, the temperature dependence of the retention indices using Eq. (1), showed high non-linearity. On the other hand, some but not high linearity was obtained using Eq. (2) . Table V gives the parameters and statistical data of Eqs. The parameters and statistical data for Eqs. (1) and (2) are listed in Table VI for the n-alkyl esters of phenylacetic acid in the temperature range 160-220 o C (at 160, 190 and 220 o C) on DB-1 and DB-5 capillary columns. Good linear temperature dependencies of the retention data were once again observed. Moreover, Eq. (2) showed better or similar precision in comparison to Eq. (1) .
RESULTS AND DISCUSSION
Although the regression coefficients in this study are generally very high, except for the n-alkyl esters of cyclohexanecarboxylic acid on the DB-5 column, the standard error was in some cases higher than 1.00, indicating a hyperbolic curve. This study was performed using only three experimental points which is insufficient to study a hyperbolic temperature dependence of the retention index. In future work, such a study will be performed.
CONCLUSION
The linear temperature dependencies of the retention indices were established for n-alkyl esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phe-nylacetic acid on DB-1 and DB-5 capillary columns. A good linearity of the retention indices versus column temperature was found.
